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SPECIFICATION 



facilitate the installation of communication and 
power transmission cables in existing conduits and, 
more particularly, to a prelubricated innerduct 
which provides a low friction and hazardless 
environment for the installation and placement of 
fiber optic cables* 

Fiber optic cables are currently being 
provided as a substitute for a great deal of the 
copper cable heretofore utilized in the 
telecommunication industry. Fiber optic cables or 
"light guide" cables are preferred in that they are 
capable of transmitting a substantially greater 
amount of information while occupying a 
substantially smaller amount of space than 
conventional copper cable. The fiber optic cables 
are typically encased in a polyethylene sheath which 
acts as a protective coating for the fiber optic 
elements, which are formed from glass. 

The cables are installed in innerducts 
which have been placed in existing, typically 
subterraneal, conduits from which the copper cables 
have been removed or in innerducts buried directly 
in the ground. The innerducts are used to provide 
for substantially low friction placement of and a 
hazardless environment for the fiber optic 
cable(s) . 

Nevertheless, it has been discovered that 
it is difficult to install innerducts into existing 
conduits because of the friction between the 
exterior wall of the innerduct and that the interior 
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wall of the existing conduit. In addition, once the 

inner duct has been installed, there is friction 

between the inner wall of the innerduct and the 

fiber optic cables as they are inserted into and 

along the innerduct. To overcome these frictional 

problems, various water-soluable polymeric 

lubricants have been used. These lubricants are 

generally of the glycol type. However, because the 

existing conduits within which the innerducts are 

placed are typically 3-4 inch PVC pipe, 3-4 inch 

square terra cotta pipe or the like, the innerducts 

must have a rather small diameter. In addition, the 

innerduct itself can have a length of up to 10,000 

feet or more. Therefore, the application of 

lubricant to the entire interior surface of the 

innerduct presents a substantial burden. Further, ^^-ntfc. 

even if lubricant is applied to a substantial ^ caM«=^ iT^if^ 

portion of the innerduct inter ior#>^ repeated relative 
sliding movement due to removing or replacing cables 
within the innerduct will reduce the amount of 
lubricant disposed therein. Further, due to the 
time required to place long lengths of cable, liquid 
lubricants tend to dry, thereby losing their 
effectiveness before the placing operation is 
complete. 

Yet another problem encountered with 
existing innerducts is that after the ducts are 
extruded, because of the great length required, the 
extruded tubing is immediately wrapped or rolled 
about a spool or the like for subsequent transport 
to a storage facility or installation location. 
Since the extruded material is so readily wrapped 
for transport, it has been found that the tubing may 
not be completely cooled prior to rolling. 
Accordingly, the tube's cross-sectional shape can be 
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distorted into an ellipse that has a major dimension 
which prohibits the insertion thereof into an 
existing conduit and/or a minor dimension which 
prevents the placement of the desired diameter of 
fiber optic cable therein. Further, regions of 
potentially greater friction during installation are 
generated when the innerduct is distorted in this 
manner . 


SUMMARY OF THE INVENTION 


It is, therefore, an object of the present 
invention to provide an innerduct and method of 

producing an innerduct which exhibits both ort>tf(Llfc0 <Wtuj 

properties of high tensile strength to fac ilitate , M ^r^oo^* 

placement within an existing conduit^as well as a -f<r 
highly lubricous inner layer to aid in the placement ^/«/*7 
of a cable or the like therethrough. 

Another object of the present invention to 
form an intergral innerduct by coextruding an outer 
jacket of high tensile strength polymer and an inner 
barrier layer of highly lubricous polymer. 

It is a further object of the present 
invention to provide an innerduct which has an inner 
layer impregnated with lubricous material so that in 
the event there is wear of the tubes inner walls 
during cable placement, the wear will only expose 
further lubricants and not increase friction between 
the respective elements during the duct or cable 
replacement operation . 

It is an object of the present invention, 
in accordance with a preferred embodiment, to 
provide a means for reducing surface contact between 
the sliding elements and, accordingly, further 
reduce friction between the innerduct and the 
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conduit in which it is placed as well as between the 
innerduct and the cables that are pulled 
therethrough. 

Yet another object of the present inven- 
tion, in accordance with a preferred embodiment, is 
to provide a means for dissipating heat generated 
during the extrusion process, the placement 
operation and subsequent use of the tube. 

The foregoing objects are realized in 
accordance with the present invention by providing a 
unique prelubr icated innerduct having a coextruded 
inner core of a material impregnated with a 
lubricous agent to lower its coefficient of friction 
to other objects, such as fiber optic cables being 
pulled therethrough. More particularly, the 
innerduct is produced by coextrusion methods so as 
to form an outer jacket of a high tensile strength 
polymer such as high molecular weight, high density 
polyethylene and an inner layer of high molecular 
weight lubricous polymer compound, such as Teflon®, 
silicone impregnated polyethylene, graphite 
impregnated polyethylene or the like. A third, 
outermost layer can also be provided which carries 
pigments, stabilizers, lubricants, etc., allowing 
the main outer jacket of the innerduct to be free of 
AcW**»i>fc*. — pigment . Thus, an innerduct formed in accordance 

Q*> with the present invention exhibits both the 

"M^h 1 properties of high tensile strength to facilitate 
3> the conduit's placement as well as a highly 

lubricous inner layer to aid in the placement of a 
cable, for example, within the conduit. 

The multilayer tube may take any desired 
shape such as round, square, or other shape required 
for its final use. Also, the cable to be placed 
into the innerduct may be either tight or loose 
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fitted into the innerduct. Further in a preferred 
embodiment of the present invention, the coextruded 
innerduct can be formed with inner projecting ribs 
and/or outer projecting ribs or with undulations in 
the walls thereof so as to reduce the surface area 
contact between the innerduct and associated cables 
or transmission lines passed therethrough as well as 
between the conduit within which the innerduct is 
placed and the innerduct. Reducing the surface 
contact between the respective sliding elements 
reduces the friction between the same, thereby 
facilitating sliding movement during insertion and 
reducing damage from wear. Further, the provision 
of projecting ribs or undulations in the walls also 
facilitates dissipation of heat from the innerduct 
due to friction between the sliding elements and due 
to ambient sources of heat. This protects the fiber 
optic cables disposed within the innerduct. In 
addition, the provision of ribs or undulations 
facilitates rapid cooling of the innerduct 
immediately following extrusion and before winding 
about a spool or the like. Thus, an innerduct 
formed in accordance with the present invention will 
be thoroughly cooled before rolling so that same 
will not be distorted into an ellipse by the rolling 
operation and the deleterious consequences will be 
avoided. 

- BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and characteristics 
of the present invention, as well as methods of 
operation and functions of the related elements of 
the structure, and the combination of parts and 
economies of manufacture, will become more apparent 
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upon consideration of the following description and 
the appended claims with reference to the 
accompanying drawings, all of which form a part of 
this specif ication f wherein like reference numerals 
designate corresponding parts in the various figures 
and wherein: 

FIGURE l^i^a perspective view of an 
innerduct formed in accordance with the present 
invention with a fi^er^optic cable disposed therein; 

FIGURE ^is a cross sectional view of the 
tube illustrated in FIGURE 1 with the fiber optic 
cable omitted for clarfty; 

FIGURE 3^is a perspective view of an 
alternate embodiment of an innerduct formed in 
accordance with the^fesent invention; 

FIGURE 4> / is a cross sectional view of the 
innerduct illustratedlr^FIGURE 3; and 

FIGURE 5^?s a perspective view of yet 
another embodiment of an innerduct formed in 
accordance with the present invention. 

X>G CL. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

P Referring to FIGURE 1, an innerduct 10 

formed in accordance with the present invention is 
illustrated. The innerduct has a coextruded inner 
core 12 of a material impregnated with a lubricous 
agent to lower the coefficient of friction to other 
objects such as a fiber optic cable 14 pulled 
therethrough. Of course, other objects may be 
pulled through an innerduct such as, but not limited 
to f pull lines, transmission lines and the like. 
The tube, which is produced by coextrusion methods, 
also includes an outer jacket 16 which is formed of 
a high tensile strength polymer such as high 
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molecular weight, high density polyethylene. Inner 
layer 12, as was stated above, is impregnated with a 
lubricous agent, A suitable material for inner 
layer 12 would be, for example, Teflon®, silicone 
impregnated polyethylene, graphite impregnated 
polyethylene, or the like. Where the inner layer is 
formed from silicone impregnated polyethylene, the 
concentration of silicone in relation to poly- 
ethylene is between about 0.01% and about 20% by 
weight. 

As illustrated in FIGURE 2, a third layer 
18 can also be provided which carries pigments, 
stabilizers, lubricants, or the like. The provision 
of an additional layer 16 for carrying pigments and 
the like enables the main outer jacket or layer 16 
to be formed free of pigment. Thus, an innerduct 10 
formed in accordance with the present invention 
provides an intergral conduit which exhibits both 
the properties of high tensile strength due to its 
outer layer 16 to facilitate its placement within a 
preexisting conduit or directly in the ground as 
well as a highly lubricous inner layer .12 to aid in 
the placement of cable .14, for example, within duct 
10. Further, should the interior surface of inner 
layer 12 be worn for example from placement of the 
cable(s) 14 and/or the winch line used to place the 
same, the wear will only expose further lubricated 
material and will not increase friction. Hence,, 
inner layer 12 of tube 10 is permanently lubricated. 

Though in the illustrated embodiment, 
multilayer prelubr icated innerduct 10 is circular in 
cross-section, it is to be understood that tube 10 
may take any desired shape such as round, ellipsoid, 
triangular, square or other shape required for its 
final use. 
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Referring in particular to FIGURES 3-5, in 
the preferred embodiment of the present invention, 
tube 10 can be formed with inner projecting ribs 20 
and/or outer projecting ribs 22. Alternately, the 
wall of tube 10 can be formed with undulations 
having outer portions 24 and inner portions 26, as 
shown in FIGURE 5. The provision of inner 
projecting ribs and/or outer projecting ribs or 
undulations in the walls reduces the contact surface 
area between innerduct 10 and cables 14 or the like 
passed therethrough as well as between innerduct 10 
and the preexisting conduit (not shown) through 
which it is placed. Reducing the surface contact 
between these sliding elements reduces the friction 
between the same and therefore augments the friction 
reducing characteristics of lubricous inner layer 
12. 

The provision of. ribs 20, 22 or undulations 
24, 26 serves the additional function of dissipating 
heat generated during the extrusion process, 
placement operations, subsequent use, and removal or 
replacement of the various conduits and cables. The 
heat dissipation characteristics of the tube, then, 
protects the associated fiber optic cables and 
minimizes distortion of the extruded tube during 
subsequent winding or rolling about a spool. 

An additional advantage of providing ribs 
on the inner and/or outer surfaces of innerduct 10 
in accordance with the present invention is the 
enhancement of the structural integrity of the tube. 
More particularly, the inclusion of ribs provides 
resistance to kinking or collapse of the innerduct 
during placement and subsequent use without 
substantially increasing the thickness or weight of 
the innerduct. 
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The number and size of ribs 20 , 22 or 
undulations 24 , 26 provided on the interior and 
exterior of the innerduct of the present invention 
is / of course , dependent on the amount of heat 
dissipation desired, the relative sizes of the 
sliding elements and the requisite resistance to 
kinking and collapse. More particularly, the more 
ribs that are provided about the circumference of 
tube or duct 10, the greater structural strength 
provided thereby and the greater amount of heat that 
may be dissipated. However, the greater the number 
of ribs that are provided, the more surface contact 
there will be between the innerduct and the 
associated tubes. Accordingly, the more ribs, the 
greater the friction between the elements as well as 
heat generated from friction. Thus, the optimum 
number of ribs about the tube or the number of 
undulations per unit length will be readily apparent 
with the ordinary artisan upon reviewing this 
specification together with the accompanying 
drawings . 

While the invention has been described in 
connection with what is presently considered to be 
the most practical and preferred embodiments, it is 
to be understood that the invention is not to be 
limited to the disclosed embodiments, but on the 
contrary, is intended to cover various modifications 
and equivalent arrangements included within the 
spirit of the scope of the appended claims. 


